Decreased insulin action in skeletal muscle (insulin resistance) is a key feature of non-insulin-dependent diabetes mellitus (NIDDM) and obesity. The mechanisms underlying the development of insulin resistance are not clearly defined but recent interest has focused on tumour necrosis factor-alpha (TNFa). Adipose tissue TNFa expression is increased in human obesity [1] , and is closely correlated with circulating insulin levels which serve as an index of insulin resistance [1] . TNFa has also been shown to be expressed in skeletal muscle, and again this is increased in muscle from insulin resistant subjects [2] . More recently it was reported that obese mice homozygous for a targeted null mutation in the TNFa gene were significantly less insulin resistant than normal obese mice [3] . These observations strongly suggest that TNFa impairs insulin action, and the mechanism seems to Diabetologia (1998) Summary Insulin resistance is a feature of non-diabetic relatives of non-insulin-dependent diabetic (NIDDM) families. Tumour necrosis factor-alpha (TNFa) expression is linked with insulin resistance, and is under strong genetic control. We examined the relationship between insulin resistance and two polymorphisms of the TNFa promoter region (positions ±238 and ±-308). Non-diabetic relatives (n = 123) of NIDDM families and control subjects (n = 126) with no family history of diabetes were studied. Insulin resistance was determined by homeostasis model assessment (HOMA) and short insulin tolerance test (ITT), and genotyping was by restriction digest. The ±238 polymorphism (TNFA-A allele) was carried by 14 relatives and 11 control subjects, and all were heterozygotes. To examine the relationship between the ±238 polymorphism and insulin resistance independent of potentially confounding factors, the relatives with the TNFA-A allele were individually pair-matched for age, sex, waist-hip ratio, body mass index, and glucose tolerance with relatives homozygous for the wild-type allele. Relatives with the TNFA-A allele had decreased insulin resistance (HOMA index: 2.0, 3.6 ± 2.1 [means ± SD of differences], p = 0.03), and this was true for comparable pair-matched control subjects (HOMA index: 1.1, 1.9 ± 0.8, p = 0.01). Combining relative (n = 7) and control (n = 4) pairs that had undergone an ITT, subjects with the TNFA-A allele had an increased K ITT (3.8, 3.0 ± 1.0 %/min, p = 0.04) similarly indicating decreased insulin resistance. There was no significant relationship between the ±308 polymorphism and insulin resistance. We conclude that the TNFA-A allele is associated with decreased insulin resistance as assessed by two independent methods, and may protect against the future development of NIDDM in susceptible individuals. [Diabetologia (1998) 41: 430±434] 
Ó Springer-Verlag 1998
Summary Insulin resistance is a feature of non-diabetic relatives of non-insulin-dependent diabetic (NIDDM) families. Tumour necrosis factor-alpha (TNFa) expression is linked with insulin resistance, and is under strong genetic control. We examined the relationship between insulin resistance and two polymorphisms of the TNFa promoter region (positions ±238 and ±-308). Non-diabetic relatives (n = 123) of NIDDM families and control subjects (n = 126) with no family history of diabetes were studied. Insulin resistance was determined by homeostasis model assessment (HOMA) and short insulin tolerance test (ITT), and genotyping was by restriction digest. The ±238 polymorphism (TNFA-A allele) was carried by 14 relatives and 11 control subjects, and all were heterozygotes. To examine the relationship between the ±238 polymorphism and insulin resistance independent of potentially confounding factors, the relatives with the TNFA-A allele were individually pair-matched for age, sex, waist-hip ratio, body mass index, and glucose tolerance with relatives homozygous for the wild-type allele. Relatives with the TNFA-A allele had decreased insulin resistance (HOMA index: 2.0, 3.6 ± 2.1 [means ± SD of differences], p = 0.03), and this was true for comparable pair-matched control subjects (HOMA index: 1.1, 1.9 ± 0.8, p = 0.01). Combining relative (n = 7) and control (n = 4) pairs that had undergone an ITT, subjects with the TNFA-A allele had an increased K ITT (3.8, 3 .0 ± 1.0 %/min, p = 0.04) similarly indicating decreased insulin resistance. There was no significant relationship between the ±308 polymorphism and insulin resistance. We conclude that the TNFA-A allele is associated with decreased insulin resistance as assessed by two independent methods, and may protect against the future development of NIDDM in susceptible individuals. [Diabetologia (1998) 
41: 430±434]
Key words Tumour necrosis factor-alpha, insulin resistance, polymorphism, gene promoter, relatives, family.
involve decreased insulin receptor tyrosine kinase activity [4] .
The mechanisms by which TNFa expression is altered in insulin resistant states has not been identified. However, recent interest has focused on the relationship between polymorphisms of the gene encoding TNFa (TNFA) and susceptibility to conditions under which TNFa is considered to play an important pathogenic role. Two polymorphisms have been identified in the TNFA promoter. The first is a G®A substitution at position ±308 [5] , designated the TNF2 allele, which has been shown to increase transcription in in vitro expression studies [6] , and has been linked with increased susceptibility to cerebral malaria [7] . The second polymorphism is a G®A substitution at position ±238 [8] , designated the TNFA-A allele, which has been associated with susceptibility to pulmonary tuberculosis [9] and alcoholic liver disease [10] . This polymorphism lies within a putative Y box, a regulatory motif typical of the promoter region of MHC class II genes [8] , although, as yet, no in vitro expression studies have been performed to examine its functional relevance.
A recent study in NIDDM patients showed no difference in the frequencies of the TNF2 and TNFA-A alleles compared to healthy control subjects [11] . However, this study does not exclude the possibility that TNFa promoter polymorphisms might influence TNFa expression and thereby contribute to the severity of the insulin resistant phenotype. In NIDDM, insulin resistance is the result of a combination of primary inherited defects and secondary metabolic changes such as chronic hyperglycaemia and hypertriglyceridaemia. To limit the secondary metabolic influences, we have studied non-diabetic relatives of NIDDM families who have an inherited basis for their increased risk of diabetes [12] . Importantly, insulin resistance is an early metabolic feature of the relatives [13] and is a predictor for the progression to diabetes [14] . The purpose of this study, therefore, was to examine the relationship between the two TNFa promoter polymorphisms and insulin resistance in non-diabetic relatives of NIDDM families and control subjects with no family history of diabetes.
Subjects and methods
We recruited 123 non-diabetic first degree relatives (age 20±65 years) from 45 NIDDM families of North European extraction with two or more living NIDDM patients, and 126 non-diabetic control subjects matched for age, sex and ethnic background and with no family history of diabetes. The control subjects were randomly selected from a population of over 1000 residents of the Newcastle and North Tyneside District that in turn had been selected from the Family Health Services Authority Register for a health survey conducted by the Department of Epidemiology, University of Newcastle upon Tyne. Ethnicity was based upon both parents being of north European origin. None of the subjects were taking agents known to influence lipid or glucose metabolism. Informed written consent was obtained from all subjects and the study was approved by the Newcastle and North Tyneside District ethics committee.
Subjects underwent a 75 g oral glucose tolerance test, and newly diagnosed diabetic subjects were excluded from further analysis. Body mass index and waist-hip ratios were assessed by standard methods. Basal insulin resistance was determined using fasting insulin and glucose concentrations by homeostasis model assessment (HOMA) [15] . Subjects were invited to have a short insulin tolerance test (ITT) on a separate day to examine whole body insulin sensitivity [16] . Following an overnight fast, soluble insulin (0.05 U/kg) was given as an i. v. bolus and arterialised blood glucose concentrations were determined at 1 min intervals from 3 to 15 min. Insulin sensitivity (K ITT ) was derived from the slope of the regression of log glucose concentration against time [16] . Both the HOMA index (r = 0.88, p < 0.0001) [15] and the K ITT value (r = 0.86, p < 0.01) [16] have been shown to correlate strongly with the index of insulin resistance derived from the hyperinsulinaemic euglycaemic clamp, the widely agreed ªgold standardº for in vivo determination of insulin resistance.
Glucose concentrations were measured by the glucose oxidase method (inter-assay CV 3.5 %) and serum insulin concentrations by specific enzyme immunoassay (inter-assay CV 4.8 % at 34 pmol/l: DAKO Diagnostics Ltd, Ely, UK). Fasting serum triglyceride (inter-assay CV 2.4 %) and non-esterified fatty acid (NEFA) (inter-assay CV 3.0 %) concentrations were measured by centrifugal enzymatic analysis (Wako, Neuss, Germany). Fasting serum leptin concentrations were measured by radioimmunoassay (inter-assay CV 5.9 % at 18 ng/ml: Linco Research Inc., St. Charles, Missouri, USA).
Genotyping. Both TNFa polymorphisms were detected using primers containing a single base-pair mismatch adjacent to the polymorphic site in order to introduce a restriction site into the wild-type nucleotide sequences after amplification. Three primers were prepared: A1 = 5 ¢-AT-CTGGAGGAAGCGGTAGTG; M1 = 5 ¢-AATAGGTTTT-GAGGGCCATG (contains a mismatch [underlined] corresponding to G at position ±313) and M2 = 5 ¢-AGA-AGACCCCCCTCGGAACC (contains a mismatch [underlined] corresponding to T at position ±240). Primers A1 and M1 were used to amplify fragments containing the ±308 polymorphism and primers A1 and M2 to amplify fragments containing the ±238 polymorphism. DNA samples were amplified in 50 ml of KCl reaction buffer (Bioline, London, UK) containing 200 mmol/l dNTP, 0.25 mmol/l primer(s), 1 mg of DNA sample and 2 units of Taq polymerase (Bioline) for 35 cycles at 94°C for 1 min, 59°C for 1 min and 70°C for 45 s followed by 1 cycle at 70°C for 10 min. The PCR products were digested at 37°C with NcoI to detect the ±308 polymorphism and MspI to detect the ±238 polymorphism and examined by 10 % acrylamide and 4 % agarose gel electrophoresis, respectively.
Statistical analysis. The HOMA index has a skewed distribution and so the data for the study populations are presented as the medians and interquartile ranges, and comparisons were made using the Mann Whitney U-test. Comparison of the pair-matched subject data was by paired t-test, and as the differences for each variable were approximately normally distributed, the data are presented as means ± SD of the differences. All analyses were conducted using the Minitab Statistical Package.
Results
The TNFA-A allele was found to be possessed by 11.4 and 8.7 % of the relatives and control subjects, respectively, and all were heterozygotes. For the ±308 polymorphism, 31 and 30 % of the relatives and control subjects, respectively, were heterozygotes, while 1.6 % of both subject groups were TNF2 homozygotes.
The HOMA index was decreased in the subjects with the TNFA-A allele in the relative (1.7 ± 1.0±2.9 vs 2.2 ± 1.5±3.8 [n = 14 vs 109], p = 0.06) and control subjects (0.9 ± 0.6±1.8 vs 1.7 ± 1.2±2.2 [n = 11 vs 115], p = 0.01). To examine the relationship between the ±238 polymorphism and insulin resistance independent of metabolic and anthropometric confounding factors, the relatives and control subjects with the TNFA-A allele were individually pair-matched for age, sex, waist-hip ratio, body mass index and 2-h blood glucose concentrations with corresponding relatives (none related by family) and control subjects homozygous for the wild-type allele (Table 1 ). In addition, there were no significant differences in fasting NEFA, triglyceride and leptin levels between the pair-matched subjects within the relative and control subject groups. However, the relatives (p = 0.03) and control subjects (p = 0.01) with the TNFA-A allele had significantly lower HOMA values (Table 1) , indicating decreased insulin resistance. Of these 14 relative and 11 control matched pairs, 7 and 4 pairs, respectively, had undergone an ITT. As both relatives and control subjects with the TNFA-A allele showed a comparable decrease in insulin resistance based on the HOMA index, the relative and control pairs who had also been assessed by ITT were analysed together as shown in Table 2 . As expected, the HOMA index remained significantly lower in the subjects with the TNFA-A allele (p = 0.03), while the K ITT value was significantly increased (p = 0.04) indicating decreased whole body insulin resistance. Thus, insulin resistance as assessed by two independent methods was decreased in the subjects with the TNFA-A allele compared with subjects homozygous for the wildtype allele.
There was no relationship between insulin resistance and the ±308 polymorphism in the two subject groups (data not shown).
Discussion
We have shown that subjects with the polymorphism at position ±238 of the TNFa promoter (TNFA-A allele) have decreased insulin resistance, and this applies to non-diabetic relatives with a strong family history of NIDDM and control subjects with no family history of diabetes. The increasing evidence implicating TNFa in the pathogenesis of insulin resistance together with as yet indirect evidence that the TNFA-A allele is associated with decreased TNFa expression, suggests a causal link between the ±238 TNFA polymorphism and the level of insulin resistance.
Two independent methods were used to examine insulin resistance; the HOMA index based upon fast- Data presented as means and SD of differences Table 2 . Pair matched comparison of subjects with the TNFA-A and wild-type alleles, for relative (n = 7) and control (n = 4) pairs combined Data presented as means and SD of differences ing insulin and glucose concentrations [15] , and the K ITT value derived from the blood glucose response to a bolus of exogenous insulin [16] . Although these methods examine insulin resistance under different physiological conditions, significant correlations between HOMA and K ITT were evident in both the relative (r = ±0.58, p < 0.0001) and control (r = ±0.61, p < 0.0001) populations. Both methods showed that subjects with the TNFA-A allele had decreased insulin resistance, and served to highlight the importance of the relationship. Insulin resistance is influenced by many factors, including circulating glucose [17] and NEFA [18] levels, and the size and distribution of the adipose tissue stores [19, 20] . As shown in Table 1, the process of pair-matching removed any important anthropometric and metabolic differences between the relative and control subjects carrying the TNFA-A allele and the corresponding homozygous wild-type subjects, and suggests that the differences in insulin resistance were not a secondary effect of TNFa genotype on these potentially confounding variables.
The most obvious explanation for the association between the TNFA-A allele and decreased insulin resistance is that the ±238 polymorphism is functionally important and leads to decreased TNFa gene expression and accordingly decreased impairment of insulin action. Recent evidence provides support for this proposal. First, possession of the TNFA-A allele has been found to be associated with increased susceptibility to pulmonary tuberculosis [9] and impaired clearance of hepatitis B [21] both of which could reflect an impaired Th-1, cytotoxic CD4 + T-cell response which requires TNFa [22] . Second, while there is as yet no direct evidence that the variant allele is associated with altered gene transcription, position ±238 is located within a sequence similar to the so-called Y box which is a regulatory motif typical of the promoter region of MHC class II genes [8] . Position ±238 corresponds to a nucleotide site particularly conserved among TNFA Y boxes of different species and among different MHC class II genes [23] . In the mouse the TNFA promoter Y box binds an abundant nuclear factor and is involved in the baseline expression of the TNFA gene [24] , while a single base pair substitution in the Y box of the HLA-DQA1 promoter has recently been shown to significantly decrease transcription [25] . Studies aimed at obtaining direct evidence for the effect of the ±238 polymorphism on TNFa expression are currently ongoing in our laboratory.
Alternative explanations for the association between the ±238 polymorphism and insulin resistance are population stratification and linkage disequilibrium with other functionally relevant allelic variants of either the TNFa gene itself or neighbouring locii. Population stratification refers to the possibility that the TNFA-A heterozygotes come from a different and more insulin sensitive ethnic group. This can be overcome either by repeating the observation in other distinct populations or by looking for intrafamilial allelic association with tests such as the transmission disequilibrium test [26] .
In both subject groups, we failed to identify an important relationship between the ±308 polymorphism and insulin resistance. This is in keeping with other observations [8, 10] that there is no linkage disequilibrium between the ±238 and ±308 polymorphisms. However, an increased percentage of body fat and insulin resistance was recently reported in Spanish subjects with the TNF2 allele compared to TNF1 homozygotes [27] . The disparity between this and our study may reflect differences in study design and populations (northern and southern Europeans), but it is clear that further work is needed to define the relationships between the ±238 and ±308 polymorphisms and insulin resistance in other populations.
In conclusion, we have identified an important relationship between the TNFA-A allele and decreased insulin resistance. As insulin resistance is a key predictor for the development of NIDDM in at risk non-diabetic relatives [14] , the possession of this polymorphism may help to protect susceptible individuals from the progression to diabetes.
